A method is described for the confirmation/identification of a range of commonly misused drugs in urine samples. The method has been used for two years without problems for a range of purposes including hospital/clinic drugs of misuse screening and for toxicology in coroner's cases. Urine samples which have given a positive result on immunochemical screening for a particular drug group or groups (for example, opiates) can be processed with identification of the drugs present using a single procedure. Bond ElutCertify columns are used for the extraction of drugs from the samples followed by propionylation and gas chromatography with mass selective detection. (J Clin Pathol 1998;51:326-329) 
The misuse of drugs has continued to grow since the 1960s. This has had significant implications for the workload of clinical laboratories: over the last five years our laboratory workload for drug screening of urine samples has increased by an average of 49% each year. Commercial automated or semiautomated immunoassay systems for screening urine samples for commonly misused drugs are available and have enabled many laboratories, including our own, to cope with this increase in work. However, these systems yield putative results only, the definitive identification of the drugs or other compounds in the sample causing the putative positive result requires additional confirmatory procedures. Also, in many cases the clinical significance of a positive result for a particular group of drugs can only be ascertained if the drugs present in the sample can be identified. For example, a positive opiate result by immunoassay may be caused by the misuse of diamorphine (heroin), the innocent use of pholcodine (an antitussive), or even the ingestion of food containing poppy seeds. 1 An additional complicating factor in the case of heroin is its short plasma half life (about five minutes) and general lack of stability. 2 3 The confirmed presence of morphine in a sample cannot be necessarily attributed to heroin use, as morphine is also a metabolite of codeine. Heroin is rapidly metabolised to 6-monoacetylmorphine (6-MAM), which has a somewhat longer half life (about 45 minutes) and provides a reliable if short lived marker for recent heroin use when it is present in urine. Thus any confirmatory method for opiates should be able to detect the presence of 6-MAM.
Similarly, a positive amphetamine class result could result from the presence of amphetamine, or methylenedioxymethamphetamine (MDMA-often described along with other drugs as "Ecstasy"); or it could reflect the use of ephedrine or pseudoephedrine.
Numerous approaches to the problem of confirming and identifying drugs and other compounds present in urine sample that yield positive screening tests for misused drugs have been described. Some investigators use liquid chromatographic techniques 4 but most have used gas-liquid chromatography with mass spectrometry (GC/MS). 5 6 In preparing samples for gas chromatography the method of choice seems to have been derivatisation to trimethylsilyl derivatives, 5 though alternative approaches have been described. 6 7 The published methods generally address the identification and confirmation of a particular group of misused drugs, though we have found an occasional exception, 8 or they require multiple analyses. 4 We present here a single system that facilitates the identification and unequivocal confirmation of many of the com- Compounds marked * are not derivatised using this system. The major ions in the mass spectra of the underivatised com pounds are shown. MDA, 3,4-methylenedioxyamphetamine; MDMA, 3,4-methylenedioxy-N-methylamphetamine; MDEA, 3,4-methylenedioxy-N-ethylamphetamine; met, metabolite; 6-MAM, 6-monoacetylmorphine.
monly misused drugs and their metabolites that are encountered in urine samples.
Methods

REAGENTS
Methylenedioxyethylamphetamine (MDEA) was a gift from Andrew Greenfield of the Forensic Science Service, Birmingham, UK. The internal standard used for establishing relative retention times on GC/MS was SKF 525a (Proadifen), a gift from SmithKline Beecham (Welwyn Garden City, UK). All other drug standards were purchased from the Sigma Chemical Company, Poole, Dorset, UK.
-Glucuronidase (type H-1) used for the deconjugation of drugs in urine samples was obtained from Sigma.
The columns used were Varian Bond Elut Certify b, purchased from Phenomenex (Macclesfield, UK). The solvents used in the methods described were obtained from Fisher Scientific UK (Loughborough, UK). All other reagents were purchased from BDH Chemicals (Merck, Lutterworth, UK).
DIGESTION AND EXTRACTION
Urine samples which screened positive and for abused drugs using the Syva ETS system (Behring Diagnostics, Milton Keynes, UK) and required confirmation were digested to deconjugate the drugs present. A 10 ml aliquot of the sample was taken and the pH adjusted using a pH meter to about 5.0 by dropwise addition of either 1 M hydrochloric acid or 1 M ammonium hydroxide; 1 ml of 0.1 M acetate buVer (pH 5.0) was then added, together with approximately 2500 units of glucuronidase. The aliquot was then incubated overnight at 20°C.
The pH of the digested samples was adjusted to between 8.0 and 9.0 by addition of 1 M potassium hydroxide.
The manual solid phase extraction technique was similar to the method recommended by the manufacturer. Without allowing the column to dry between additions, Bond Elut Certify columns were solvated by the addition of 2 ml of methanol followed by 2 ml of water; 5 ml of sample were then passed through the column at a rate of about 2 ml/min, followed by 2 ml of water and 1 ml of 0.1 M acetate buVer, pH 4.0; 2 ml of methanol were added and the column dried under vacuum; 2 ml of eluting solvent (dichloromethane : propan-2-ol : concentrated ammonia (specific gravity 0.88), 80:20:2) were then added to the column and the eluate collected. The solvent was evaporated from the eluate at 50°C under a stream of nitrogen. Care was taken at this stage to avoid excessive loss of more volatile compounds (for example, amphetamine) that would result from extended incubation at 50°C after the solvent was evaporated.
DERIVATISATION
The method chosen for derivatising our extracts has been described previously in a method for opiate confirmation. 6 To the dried residue, 100 µl of pyridine : propionic anhydride (1:2 vol/vol) were added. The contents of the tube were mixed, the tubes were sealed, and they were incubated on a heated block at 75°C for 30 minutes.
Following incubation the reagent was evaporated to dryness at 50°C under a stream of nitrogen and reconstituted with 100 µl of butyl acetate. Three microlitres were injected into the GC/MS.
CHROMATOGRAPHY
The GC/MS system used was a HewlettPackard 5890 Series II GC with a 5971A mass selective detector, operated using a standard autotune. The column used was a HewlettPackard HP-5 capillary 25 metres in length, with an internal diameter 0.32 mm and 0.17 µm film thickness.
GC conditions were initial temperature 85°C, initial time 0.70 minutes, rate 14°C/min, final temperature 285°C, and final time five minutes. This gave a run time of 22 minutes.
MS conditions were scan range 40-500 and solvent delay 2.5 minutes.
Results
RETENTION DATA AND MAJOR IONS
The retention data for a range of drugs of interest in the toxicology laboratory are presented in table 1, relative retention time (RRT) being expressed against SKF 525a. We express the retention data against SKF 525a as a widely used marker, though it is not routinely included for this qualitative analysis. An indication of major ions associated with each compound is also given. Figure 1 presents an example of a total ion current chromatogram obtained from a sample provided by a heroin user who was also taking prescribed methadone. Also shown are mass spectra for methadone and a major metabolite (EDDP: 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine). In fig 2 the mass spectra of derivatised morphine, 6-monoacetylmorphine, and codeine are also presented. The presence of codeine is a common finding in heroin users, since illicit preparations of heroin usually contain codeine, and codeine is produced during the metabolism of diamorphine. 9 
SENSITIVITY
We assessed the sensitivity of the assay using urine samples spiked with known concentrations of standards and were readily able to detect opiates at a concentration of 50 µg/litre and amphetamines at 100 µg/litre using this system. This is more than adequate given the cut-oV values for the immunoassay of 300 µg/litre for opiates and 1000 µg/litre for amphetamines.
Discussion
There are limitations to this system, as we have implied, and we should address these. Using this system we are unable to detect benzoylecgonine as it is lost at the SPE stage; additionally, confirmation of barbiturates and cannabinoids was not possible using this method. We do not normally have a requirement for confirmation of methadone, cocaine, cannabinoids, benzodiazepines, and barbiturates. As was indicated in the introduction, identification of opiates and amphetamines is of primary importance in the majority of routine situations for the reasons described. A range of other abused drugs present at very low concentrations or having physical properties which cause particular diYculties in analysis (that is, buprenorphine, fentanyl, and so on) would not be found using this system and they require various specific immunoassays, or designated methodologies.
We have described a system for the confirmation of drugs from urine samples which have given putative positives by immunoassay. We have found this method to be robust and reliable in routine use over two years. Particular advantages have been the stability of the reagents, especially the derivatisation reagents, and the simple protocol which has enabled staff to perform the assay after a very short training period. The full range of drugs detected using this system has not been given in the table. It is hoped that anyone using the system will add to their lists according to experience and interest. As the system facilitates the detection of opiates, amphetamines, and a range of other drugs within a relatively short GC/MS run time it has proved an invaluable aid at a time of increasing workload. 
